Objective: To determine whether there is an association between dermatologist density and melanoma mortality.
Some investigators have suggested that having more specialists may not be as valuable as increasing the numbers of primary care physicians. 4, 5 Yet, specialists are associated with improved outcomes in dermatology, urology, neonatology, colorectal surgery, and orthopedic surgery. 1, [6] [7] [8] [9] [10] Each year younger dermatologists replace aging practitioners, which decreases the availability of medical dermatologic care because younger physicians are more prone to engage in education, research, surgery, or cosmetics. 11 An unmet demand for dermatologic care in the United States has led to greater use of physician assistants, nurse practitioners, and nonphysician medical professionals in some practices. [11] [12] [13] Dermatologist and subspecialist (eg, pediatric dermatology, dermatopathology, and Mohs surgery) density varies from city to city, and such physicians are absent in certain areas. 14 An understanding of the regional distribution of dermatologists is necessary to develop health care policies that will positively affect patient outcomes.
Melanoma mortality and/or extent of disease may be predicted by factors such as physician specialty density, neighborhood racial heterogeneity, and median household income. 1, [15] [16] [17] [18] We sought to determine whether there is an association between melanoma mortality and dermatologist density at the county level in the United States.
METHODS
This study received an exemption for approval from the Case Western Reserve University Institutional Review Board.
SOURCES OF DATA
Melanoma mortality and incidence data were obtained from a merged data set from the National Program for Cancer Registries; National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER); and the US Centers for Disease Control and Prevention's National Vital Statistics System. 19 Using this merged data set, mortality and incidence data were reported as age-adjusted mean rates per 100 000 people from January 2002, through December 2006. Incidences and mortality rates were assigned to coun-ties based on each patient's residence at the time of diagnosis and death. A total of 669 rural counties were excluded from the analysis, given insufficient data, because mortality data were reported for less than 2.5% of these counties and less than 5.0% of these counties had any dermatologists.
Dermatologist density, geographic classification, and population data were provided by the 2008 Area Resource File, published by the Health Resource and Services Administration of the US Department of Health and Human Services. 20 Dermatologist densities were calculated as 5-year means for the years 2002 to 2006. Dermatologist density was categorized as 0, 0.001 to 1, 1.001 to 2, 2.001 to 4, or more than 4 dermatologists per 100 000 people.
County distribution was determined by the 2000 US Census, which divided the United States into 3141 counties. 20 Primary care physicians were defined as those trained in the fields of pediatrics, family medicine, and general internal medicine. The percentage of the population with health insurance was obtained from the US Census Small Area Health Insurance Estimates 2000. 21 Access to nondermatologic oncology care was estimated by the number of hospitals with oncology services in 2006. Metropolitan, nonmetropolitan, or rural status of each county was defined using the Department of Agriculture Rural/ Urban Continuum Codes, which consider population size, degree of urbanization, and adjacency to a metropolitan area.
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STATISTICAL ANALYSIS
Univariate associations between the predictor variables and melanoma mortality were tested using the t test for categorical predictors and simple linear regressions for continuous predictors. The predictor variables were dermatologist density, melanoma incidence, metropolitan county status, health professional shortage area classification, primary care physician density, percentage of the population older than 65 years, percentage of the population older than 25 years with a high school diploma or equivalent, number of hospitals with oncology departments, percentage of non-Hispanic white population, percentage of health-insured population, median household income, and unemployment rate. The outcome variables were normally distributed.
Multivariate regression models were built using backward stepwise selection with a univariate PϽ.15 for inclusion into the models. Variance inflation factors were used to assess for interactions among variables. Statistical significance for the final model was determined at PϽ.05. The reference group in all analyses was derived from the age-adjusted means of counties with 0 dermatologists and nonmetropolitian county status but not classified as an area of health professional shortage. Statistical analysis was performed using Stata statistical software, version 9.2 (StataCorp). Dermatologist density categories were mapped using the mapping software ArcGIS, version 9.2 (Environmental Systems Research Institute Inc).
RESULTS
We included 2472 counties in our analysis because rural counties were excluded. Within the counties in our analysis, the total population was 225 981 679. The percentage of males was 48.9% and the percentage of females was 51.1%. A total of 72.8% were white, 13.2% were black or African American, 4.3% were Asian, and 0.6% were American Indian and Alaskan Native. The median age was 34.9 years, and the percentage of the population older than 65 years was 11.88%.
Predictors of melanoma mortality are listed in the Table. Greater dermatologist density at the c ounty level is associated with lower melanoma mortality rates (Table) . The presence of 0.001 to 1 dermatologist per 100 000 people is associated with a 35.0% reduction in mortality (95% CI, 13.4%-56.6%). More than 1 to 2 dermatologists per 100 000 people is associated with a 53.0% reduction in melanoma mortality (95% CI, 30.6%-75.4%). The addition of more than 2 dermatologists per 100 000 people does not further decrease mortality rates.
In the reference group, the absolute melanoma mortality rate was 1.45 (95% CI, 0.71-2.18; P Ͻ .001) based on a prevalence of 19 cases per 100 000 people. The presence of 0.001 to 1 dermatologist per 100 000 people is associated with a −0.51 absolute reduction in mortality (P =.002), 1.001 to 2 dermatologists with a −0.77 absolute reduction in melanoma mortality (P Ͻ .001), 2.001 to 4.0 dermatologists with a −0.56 absolute reduction in melanoma mortality (P Ͻ .001), and more than 4 dermatologists with a −0.66 absolute reduction in melanoma mortality (P Ͻ .001).
A slightly lower melanoma mortality rate is associated with the presence of hospitals with oncology departments (1.9%; 95% CI, 0.6%-3.1%). Metropolitan status of a county is associated with a 30.3% (95% CI, 17.3%-43.3%) reduction in the mortality rate.
Melanoma mortality rates are greater in counties with a higher incidence of melanoma (2.3%; 95% CI, 1.6%-3.1%), greater non-Hispanic white population (1.5%; 95% CI, 1.1%-1.9%), and greater health-insured populations (1.5%; 95% CI, 0.2%-2.8%). Primary care physician density, percentage of population older than 65 years, health professional shortage area classification, percentage of population older than 25 years with a high school diploma or equivalent, median household income, and unemployment rate were parameters not associated with melanoma mortality rate.
There are 0 dermatologists per 100 000 people in a large portion of the country (Figure) . Greater densities of dermatologists were noted along the Pacific Coast, throughout the state of Hawaii, and in clusters along the East Coast and the Midwest. Significantly fewer dermatologists are in the central United States relative to the rest of the country.
COMMENT
In 2000, Roetzheim et al 23 found that people with limited access to care were more likely to receive a latestage melanoma diagnosis. More recent studies 24, 25 have illustrated that diagnosis by a dermatologist is associated with an earlier stage of melanoma compared with detection by a nondermatologist. Our analysis demonstrated that the presence of 0.001 to 1 dermatologist per 100 000 people is associated with a lower melanoma mortality rate by more than one-third compared with counties that lack dermatologists. We believe that this reflects that access to a dermatologist allows for an accurate and earlier diagnosis of melanoma, more appropriate therapy, or a combination of these factors. Our analysis makes the assumption that patients receive relevant health services, such as screening skin examinations, melanoma preventive education, and treatment in the county where the diagnosis was made.
The lowest melanoma mortality rate was observed in counties with 1.001 to 2 dermatologists per 100 000 people. However, increasing dermatologist density beyond this level did not further improve mortality rates, suggesting a plateau effect with increasing physician supply. Areas with a dermatologist density higher than 2 may represent academic centers, where dermatologists have educational and research responsibilities in addition to clinical practice. Alternatively, this plateau may not reflect access to physicians but instead may represent the limitations of our current therapeutics. Similar plateau effects have been described when relating physician density and health outcomes in the fields of urology and neonatology. 6, 7 No statistically significant differences in melanoma mortality rates were observed when comparing a dermatologist density of 1.001 to 2 dermatologists to counties with higher densities. Our analysis suggests that increasing the number of dermatologists in counties with existing physicians is unlikely to significantly alter melanoma mortality because having 2 dermatologists is not statistically significant from having 4 dermatologists when considering mortality rates. The most notable finding in our analysis demonstrates that having a single dermatologist compared with a county with 0 dermatologists reduces the mortality rate by nearly 35%. Thus, the placement of dermatologists in counties currently lacking physicians may be the most optimal approach to combating the increasing incidence of melanoma in the United States. 26 Developing incentives to attract dermatologists to underserved counties may allow us to meet this need. For example, dermatology residency positions or student loan repayments could be tied to a contract of service in an area that lacked physicians.
Other factors associated with reduction in melanoma mortality rates are the presence of hospitals with oncology departments and metropolitan county status. Metropolitan county status is associated with a 30.27% reduction in melanoma mortality that cannot be accounted for by socioeconomic factors, including difference in educational level, age, income, or employment. In other re-0 per 100 000 people 0.001 to 1 per 100 000 people 1.001 to 2 per 100 000 people 2.001 to 4 per 100 000 people >4 per 100 000 people ports, 27, 28 socioeconomic status has been associated with stage of melanoma at diagnosis; our analysis demonstrates that these factors are not predictive of mortality.
Several factors were associated with higher melanoma mortality rates. Counties with a greater incidence of melanoma and a greater percentage of whites had increased melanoma mortality rates. It is unclear why melanoma mortality rates were higher in counties with a greater percentage of health-insured individuals because other reports 2, 29, 30 have demonstrated better outcomes among insured patients. Perhaps the melanoma mortality rate is higher among the health-insured population because patients with health insurance are more likely to receive long-term disease management and are less likely to die of comorbidities, such as hypertension, diabetes mellitus, stroke, or heart disease.
Physician supply may be correlated with cancer outcomes by serving as a proxy for overall health care resources. Previous studies 5 have demonstrated associations between higher numbers of primary care physicians and lower all-cause mortality, cancer mortality, and cardiovascular mortality rates. Our analysis did not find a relationship between primary care physician density and melanoma mortality. Our findings suggest that dermatologist density, which may serve as a proxy for specialists, may be a more suitable proxy for melanoma mortality than primary care physicians.
The limitations of this analysis include the exclusion of 669 counties due to their rural county status. These counties were excluded because limited mortality data were reported from these areas and there were few rural counties (Ͻ5%) with any dermatologists. We hypothesize that inclusion of rural counties, where the incidence of melanoma is low, would skew the analysis because the findings may imply that 0 dermatologists are associated with no melanoma mortality. However, counties where the incidence of melanoma is greater than 0 would have heightened the association we observed between dermatologist density and improved melanoma mortality.
The incidence data used in our analysis did not account for severity of disease at the time of diagnosis. We hypothesized that greater dermatologist density allows for disease detection at an earlier stage. Other reports have made use of the SEER database, which accounts for severity of disease at presentation; however, the merged data set used in our analysis does not reflect extent of disease at presentation. Lastly, in our analysis, no distinction was made between dermatologists engaged in clinical activities full time vs part time or in the way to account for dermatologic services provided by physician assistants, nurse practitioners, and other health care professionals.
In conclusion, our analysis found that within a given county, the presence of a dermatologist is associated with a lower melanoma mortality rate compared with counties that lacked a dermatologist. We speculate that efforts to recruit dermatologists to counties currently lacking such specialists could result in a population-level reduction in melanoma mortality.
Our analysis uses melanoma mortality to highlight the consequence of a maldistributed dermatologist workforce. We have demonstrated that the geographic variation in melanoma mortality is associated with the densities of dermatologists. Given the nature of this field, it is unclear whether dermatologist density affects prevention, diagnosis, treatment, or some combination of the aforementioned. Further studies are needed using staging information to highlight whether dermatologist density is associated with earlier diagnosis of melanoma or improved treatment. 
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